I. INTRODUCTION
Ultrasound imaging is widely used in the field of medicine. It is used for imaging soft tissues in organs like liver, kidney, spleen, uterus, heart, brain etc. The speed, low cost of imaging and the portability of scanning machine makes it very popular. The common problem in Ultrasound image is speckle noise which is caused by the imaging technique used that may be based on coherent waves such as acoustic to laser imaging [8] [9] . This paper describes and analyses an algorithm for reducing such speckle noise. This algorithm is based on mathematical morphology. It is a modified form of MIC and it is called as MMIC. It differs from MIC by not using the histogram for calculating the threshold of the image. It is also using a different technique for reconstructing the features that are of speckle's size. Moreover it uses structuring elements which are having arbitrary structures which resemble the shapes of the speckles. This algorithm produces better result when compared to the original MIC in time complexity as well as output quality. This paper is organized as follows. Section II discusses the previous works in the literature. Section III describes the MIC and the modifications done to that in this paper. Section IV gives the modified version of MIC. The results and discussion are given in Section V. [3] . This algorithm finds the residual image which is the difference between the original image and the smoothed image. It separates the features from the residual image and puts it back into the original image so that features are preserved. This algorithm is an iterative procedure which works with disk shaped structuring elements with different radius. First it filters the original image repeatedly using Opening Closing and Closing opening (OCCO) filter using disk shaped structuring elements of different radius. The output of each iteration is processed as follows. The positive elements of the residue are put in an array and the other elements are put in a different array. For each array threshold is calculated using the second order moment of the gray level distribution shown by the histogram. Then each thresholded image is cleaned as follows. Rank order filter is applied and the isolated pixels are deleted repetitively until no more isolated pixels are found. Thresholding ends in trimming of bases of features. To recover those bases of the features MIC expands the nonzero regions by skeletonizing and dilating. The first cleaned thresholded image is added to and the second cleaned thresholded image is subtracted from the output of OCCO before continuing the next iteration which takes this result as the input.
II. RELATED WORKS

III. MODIFICATIONS MADE TO MIC
Since the cleaning process takes much time the algorithm is modified such that it does less processing to get the result. First for filtering using OCCO the arbitrary structuring elements that resemble the shape of the speckle are used. A speckle does not have a regular shape [15] . It is not appropriate to use predefined structuring elements like disk, rectangle, hexagon etc., for morphological processing [9] [19] . Therefore an arbitrary structuring element which resembles the speckle shape is designed. For this random Grayscale opening by reconstruction is defined as follows. Let I and J be two grayscale images defined on the same domain D I such that I<=J. The grayscale reconstruction by opening is obtained by iterative grayscale geodesic erosions of J above I until stability is reached.
Grayscale closing by reconstruction is defined as follows. Let I and J be two grayscale images defined on the same domain D I such that I<=J. The grayscale reconstruction by closing is obtained by iterative grayscale geodesic dilations of J under I until stability is reached.
IV. MMIC ALGORITHM
Step1. Let i=0
Step2. Let i=i+1 Step3. Let X=OCCO (I, a i ) where I is the original image with noise and a i be the arbitrary structure element.
Step4. Let T(x, y) = tophat (I, X) Step5. Find t(x, y) by thresholding T(x, y) using the standard deviation of T(x, y) Step6. Let tcap= reconstruction by closing of t Step7. Let B(x, y) = bothat (I, X) Step8. Find b(x, y) by thresholding B(x, y) using the standard deviation of B(x, y) Step9. Let bcap = reconstruction by opening of b. Step10. Modify I as X+tcap-bcap Step11. Go to step 2 if i<=3.
V. V. PARAMETERS USED FOR ANALYZING THE OUTPUT OF THE ALGORITHM
The assessment parameters such as Noise Standard Deviation (NSD), Mean Square Error (MSE), Equivalent Numbers of Looks (ENL), Peak Signal to Noise Ratio(PSNR) and Execution time are used to asses the algorithm MMIC [17] [22] [24] .
A. Noise Standard Deviation (NSD)
This determines the quantity of the speckle in the image. If the quantity of speckle is less the NSD will be less. The formula for NSD is
Where DI is de noised image, m represents the number of rows and n represents the number of columns in the image.
B. Mean Square Error (MSE)
The Mean Square Error is used to find the total amount of difference between two images. It indicates average difference of the pixels throughout the image where DI is the de noised image, and I is the original image with speckle noise. A lower MSE indicates a smaller difference between the original Image with speckle and de noised image. The formula is
C. Equivalent Numbers of Looks (ENL)
To estimate the speckle noise level another assessment parameter known as ENL over a uniform region is used. A larger value of ENL shows a better quantitative performance. The formula used to calculate ENL is 2 /NSD 2 NM V ENL 
D. Peak Signal to Noise Ratio (PSNR)
It is an assessment parameter to measure the performance of the speckle noise removal method. The formula is 255/(MSE)) * (255 10 10log PSNR  
VI. RESULTS AND DISCUSSION
The existing MIC algorithm has been modified as mentioned earlier in the paper. The Algorithm MMIC has been applied on different ultrasound images with different sizes. The output of the algorithm with their respective original input images are shown in Fig. 2, 3 , and 4. The tables 1, 2 and 3 show the result of the algorithm on the three different ultrasound images. The images that are used in this paper are an image of neonatal brain, an image of appendix, and an image of liver. The tables show values of the assessment parameters such as NSD, MSE, ENL, PSNR, and Execution time for the MIC algorithm with three disk structures (of radius 3, 5, 9 ), for the MMIC with three disk structures (of radius 3, 5, 9) and for the MMIC with three arbitrary structures that resemble the speckle in the image. MMIC with a1, a2, a3 takes least execution time. MMIC with d1, d2, d3 looks the best when MSE is considered. MMIC with a1, a2, a3 is the best when all the parameters are considered. The subjective appearance is also good for the output of MMIC algorithm. Fig. 5 shows the images which have been cleaned by MMIC and further segmented. This proves that MMIC is the best algorithm for cleaning speckle noise which also preserves features in the image. Thus the image cleaned by this algorithm could be used as an input for other image processing tasks such as segmentation, feature extraction, classification etc.
